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57 ABSTRACT 
An end-of-arm tooling device for a robot or like manip 
ulator is provided which, in a preferred embodiment, 
includes a differential separating a first torsional input 
into first and second torsional outputs, and two jaws for 
interacting with a workpiece powered by a separate one 
of the first and second torsional outputs, and wherein, 
upon interaction with the workpiece at a predetermined 
torque level by one of the jaws, the jaw's motion will be 
stopped and torque will be continually transferred to 
the remaining jaw. 

1 Claim, 4 Drawing Sheets 
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END-OFARM TOOLING DEVICE 

FIELD OF THE INVENTION 

The field of the present invention is that of end-of 
arm tooling devices (EOAT) for a robot or like me 
chanical manipulators. 

DISCLOSURE STATEMENT 

Present-day industrial robots are capable of highly 
repetitive motion, but in most cases have relatively poor 
accuracy. Most industrial robots with repeatabilities in 
the range of 0.05 inches may have absolute positioning 
accuracies of only 0.25 inch. Repeatability refers to the 
positional deviation from the average position achieved 
by repetitive motion between a start point and a target 
point. The target location is typically "taught” using an 
on-line process in which the manipulator is physically 
moved by the programmer to assigned locations. This 
"teaching' is used for programming critical points in 
most industrial manufacturing robot applications and is 
a reliable but time-consuming process. A robot's accu 
racy refers to its ability to reach a location specified by 
coordinates often specified by some off-line process 
such as a computer-assisted design/computer-assisted 
manufacturing (CAD/CAM) process. The accuracy of 
the robot is determined by several factors. Mechanical 
inaccuracies can be caused by backlash in the joints and 
bending of the length of the manipulator. The controller 
may contribute inaccuracies due to round-off errors. 
The resolution of the manipulator's positional feedback 
system also affects accuracy performance capability. 
A major reason industrial robots are not used in many 

manufacturing operations is inaccuracy. If the accuracy 
of the robot were enhanced, significant amounts of 
development time could be eliminated in cases where 
repeated installations of applications are to be installed. 
A more accurate industrial robot could allow the off 
line programming of an application, further reducing 
development time. 

Still another problem with many prior end-of-arm 
tooling devices is that to make the device compliant 
requires separate drive systems for each individual fin 
ger. Typically, not only did this require separate drive 
systems, but further required complex control program 
ming. 

SUMMARY OF THE INVENTION 

The present invention overcomes the above-noted 
problems by providing an EOAT with a compliant 
finger drive transmission and, in a preferred embodi 
ment, an encoder system that will allow the EOAT to 
grip an object off-center from the EOAT and measure 
the offset to determine the accuracy. With these capa 
bilities, the present EOAT may be used to obtain offset 
measurement on gauges of known size and location and 
to calibrate the robot's position in the "real world.” In 
this manner, the present invention provides an EOAT 
which increases the robot's accuracy, making off-line 
robotic programming more practical. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a rear perspective view of a preferred em 
bodiment gear box of an EOAT of the present inven 
tion. 
FIG. 2 is a front perspective view of the gripper 

portion of the EOAT of the present invention. 
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2 
FIGS. 3 and 4 are schematic views of the present 

invention EOAT. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIGS. 1 through 4, the end-of-arm tool 
ing device (EOAT) 7 has a frame 12. The frame 12 has 
an end providing for a face plate 13 for connection to a 
robot or like manipulator (not shown). The EOAT 7 is 
powered by a variable torque motor 11, typically pneu 
matic or electrical, which may be physically connected 
with the EOAT 7 or taken from a power take-off shaft 
from a wrist of the robot itself. 
The motor 11 provides a first torsional input to a first 

shaft 10. Shaft 10 is fixably connected with a cross shaft 
20. The cross shaft 20 has rotatably attached thereto a 
first planet bevel gear 21 and a second planet bevel gear 
22. Meshed with the planet bevel gears 21 and 22 are a 
first output bevel gear 31 and a second output bevel 
gear 42. The output gear 42 is fitted over the shaft 10 
directly or by means of a bearing. The output gear 42 is 
physically connected with a gear 44. The gear 44 
meshes with a reversing gear 50 which is fixably con 
nected to a shaft 52. Shaft 52 has at its end a fixably 
connected gear 62. 
Output gear 31 is fixably connected with a gear 61. 

The gear 61 is also rotatably mounted directly or via a 
bearing over shaft 10. The gear 61 is engaged with a 
rack gear 71. In like manner, the gear 62 is engaged with 
a rack gear 72. The rack gear 71 has fixably connected 
thereto a jaw member 81 (not shown in FIG. 2) and is 
spring biased to an open position by a spring 85. In like 
manner, the rack gear 72 has an associated jaw82 which 
is spring biased to the open position by a spring 85. 
The end-of-arm tooling device is capable of inducing 

friction upon the movement of the jaws 81,82 by a vari 
able induced friction device 100. Friction device 100 
induces friction via a friction pad 101 which is biased by 
a spring 104 away from the rack gear 71. A chamber 102 
has a slidably-mounted piston which is responsive to 
pneumatic pressure to move the friction pad 101 toward 
the rack gear 71. By varying the pneumatic pressure, 
the imposed friction force upon the movement of the 
jaw 81 is varied. Afriction device 100 is also provided 
for the jaw 82. It has been found that the preferred 
friction setting often is a function of workpiece weight. 
To determine the location of the jaws 81, 82 and to 

provide a signal in response thereto, there are encoders 
91 and 92 which determine the angular rotational posi 
tion of gears 61 and 62, respectively. The information 
from the encoders 91, 92 is fed back to a robotic con 
troller (not shown). The robotic controller also controls 
the torque input of the motor 11 and the amount of 
imposed friction provided by the friction devices 100. 
(Note: In FIGS. 1, 2 and 4, the motor 11, friction de 
vices 100 and biasing springs 85 have been eliminated 
for clarity of illustration.) 

In operation, the robot will position the EOAT 7 in 
the general vicinity of the workpiece 150. Usually, the 
robot will be programmed to position the EOAT so that 
the jaw members 82 and 81 will be an equal distance 
from the workpiece 150. Due to discrepancy in the 
positioning of the robot and/or discrepancies in the 
location of the workpiece 150, typically one jaw will be 
closer to the workpiece 150 than the other jaw. 
The motor 11 will turn the shaft 10. The gears 21, 22, 

31 and 42 act as a bevel differential and, therefore, as 
long as there are no objects preventing movement of the 
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jaws 81 and 82, both jaws will move inward against 
their biasing provided by spring 85. The spring biasing 
is provided to prevent backlash in the gearing. 
The encoders 91 and 92 will feed information to the 

robot to allow the robot to know how far the jaws 81 
and 82 have moved. As mentioned previously, the shaft 
10 will turn, causing the cross-shaft 20 to turn with it. 
Planet gears 21 and 22 essentially will not rotate; there 
fore, they will act as if they are fixed to the cross-shaft 
20 and rotate the gears 42 and 31. The gear 31 causes 
rotation of the gear 61, which in turn moves the rack 71 
and jaw 81. To get the opposite direction in the move 
ment of jaw 82, there is a reversing gear 50 which 
meshes with the gear 44 which, as mentioned previ 
ously, is fixed with the gear 42. The above, in turn, 
causes rotation of gear 61, which therefore causes 
movement in the rack 72. 

If, for instance, the jaw 81 contacts the workpiece 
150, it will be urged toward the workpiece 150 until a 
certain torque value is reached. Thereupon, the gear 61 
will be stalled out, stalling gear 31. With the end of 
rotation gear of gear 31, the planet gears will now rotate 
upon their respective rotational axes which are parallel 
with the cross-shaft 20 and divert all of the torque from 
the motor 11 to the gear 42, which in turn will cause the 
continued movement of the jaw 82. If it were desired to 
make a three-jaw EOAT, another differential would be 
connected between the gears 44 and 50. The output of 
that differential would be fed to gear 50 and to the gear 
62 which controls the operation of the other associated 
jaw 82. 
As mentioned previously, when the jaw 81 hits the 

workpiece 150, all torque will then be automatically 
transferred to jaw 82, which will then continue its mo 
tion until it hits the workpiece 150. The encoder 91 will 
allow the controller to know that jaw 81 has stopped, 
thereby informing the robot of the location of work 
piece 150. The jaw 82 will continue to move until it hits 
the workpiece 150 at which point the encoder 92 will 
inform the robot on the whereabouts of the other side of 
the workpiece. 
The information by the encoders 91 and 92 may be 

utilized in a few different manners. One manner is to 
allow the robotic controller to know about the location 
of the workpiece 150. Conversely, the workpiece 150 
may be a test location piece, and the robot may be pro 
grammed to grab the workpiece with the jaws 81 and 82 
and therefore know the exact location of the robot's 
arm by the readings provided by the encoders 91 and 92 
and then recalibrate the robot controller's guidance 
System. 
The information may also be utilized in other in 

stances to tell the approximate size of the workpiece 150 
in situations where the robot may be utilized on differ 
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4. 
ent size workpieces and therefore interpret this informa 
tion to determine which part that the robot jaws 91 and 
92 are gripping. 

Additionally, there is provided, as mentioned previ 
ously, the friction device 100. These variable friction 
devices 100 are beneficial in that after the jaws 81 and 
82 have gripped the device, the friction device 100 will 
lock the racks and therefore prevent any movement of 
the racks upon movement of the robot arm after the 
EOAT 7 has picked up the workpiece, thereby insuring 
a firm grip upon the workpiece. 

In instances where very light workpieces are being 
utilized, the motor 11 will be put on a low torque and 
the friction device 100 will be held off to provide little 
or no induced friction. Upon engagement of the first 
jaw 81, all torque will then be transferred to the jaw 82. 
Initially, low torque will be utilized when picking up 
delicate workpieces; however, to add speed, a high 
torque setting will be initialized after one of the jaws 81, 
82 has made contact with the workpiece 150. After the 
second jaw makes contact with the workpiece, the fric 
tion device 100 will then lock the jaws 81, 82 in position 
to insure a firm grip upon the workpiece. This locking 
will only occur after the encoders 91 and 92 have sensed 
that there is no further movement on the jaws after their 
contact with the workpiece. 
Accordingly, while my invention has been described 

in terms of a specific embodiment thereof, it will be 
appreciated that other forms could readily be adapted, 
and therefore the scope of my invention is to be consid 
ered limited only by the following claims. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as 
follows: 

1. An end-of-arm tooling device for a robot for inter 
acting with a workpiece comprising: 
power means providing a first torsional input; 
at least one input shaft powered by the power means; 
a cross shaft connected to the input shaft, the cross 

shaft having rotatably attached thereto first and 
second bevel planet gears; 

a first bevel output sun gear concentrically fitted over 
the input shaft meshed with the first and second 
bevel planet gears; 

a second bevel output sun gear concentrically fitted 
over the input shaft meshed with the first and sec 
ond bevel planet gears; 

a first jaw means torsionally associated with the first 
bevel output sun gear to interact with the work 
piece; and 

a second jaw means torsionally associated with the 
second bevel output sun gear to interact with the 
workpiece. 
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